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—’\J\
TEST REPORT ON THREE- ‘AND SIX-COlflP(jI.@NTIvIEASUREMJNTS,,.

,. .. Ol?A SERIES OF TAPERED WINGS OF
,,

.. .. SMALLASPECT RAT.KP” .,
. .

‘(PartialRejort: ilijiptic.Wing)

By Lange}~Yacke

INTRODUCTION
.,

The 3?f3~20~t UM’NO, ‘10Z3/1 which presented the results
of roeasurements for a series o.?Ima-oezoidal wings was the
beginn~n~of a series ,on win~;~with-aspect ratio 1 to 3

1and vario~~s con~ours (fig, 1 . ln report No. 1023/1 the
aspect ?atio (A = ~p~~)”re~lai~~ed’tilesame; the taperjng was
modifies.. The oresent report gives tilej?esu~ts of the
series of’elli73iicwings. Here the aspect ratio varies
from 1 to 2 wi&l the sweepbac]c. The contou.~~is formed
by elliptic a~-cs. (See fi~c 2.)’ .

The influence :;f’swe~p’oaokanticontour upon the
neutral .;~oint .is shown.

.’,,” ●

. . . jwoilmis

The :,lo@el.s,were xladeof wood at scale 1:1; the
surf’acewas polished.
A =2; i)j3,A= 4/3 ; Crie=wlng::r:d::::: ie;h:s EEYdimensions and plaili’o~i~tgare giyejn in figure 2..

Theelliptic-wing leadiil~ ed~e was,procluced.by the aff’ine
distortiofi’o: an ei~hth circle?
NACA 0012 section.

The airfoj-1 Was an

—..
. .“.————. _ ,-.

-X” 3- u-rid6 -Komonen temess un,w~ an der Zuspitzumgsrelhe
von FIUTel.n ?deiile~-Streclnxng,Tei.lberichts Xllipsen-f’lllge1,M Untersuchmge:l und.]flitteil.unaenNr. 1023/~.
Zentrale f’tirwissenschaftliches 3erichtsweselq der
Luftfakrtfors chung des General ltitzeu~i~e.jster.s(ZW13).“
Berlii~-Adlershof, Sept. 21, 19~k3.
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APPARATUS, AND I.!ETHOI)S., .,,,,,
.,. .,

The tests were run In the 3 x 2.15m wind tunnel of
the DVL. The models viere suspended injhe usual manner
on the six-component balance. Care was taken to make the
suspension conform to the test conditions of the preceding
measurement, so as to ensure a good comparison of the.=
results, The dynamic

7
ressure was q = 100 kg\md

corresponding to 40 m sec air’speed. ‘.

COEFFICIENTS .4NDSYMBOLS

The forces and moments were measured with respect to
the experimental systerlof axes (fig. 6).

The moment”referenee pbint for all three wings lies’
on the wing chord at a distance three-quarters of t’he
mean reference chord from the wing trailing edge (fig. 2).
The reference axes of the moments are defined as fol].ows:
(See fig. 6.)

Rolling moment: xc-axis = li’neof intersection of the

vertical plane of symmetry of the body
with t~.ehorizontal plane of the
tunnel (~ositive in wind direction).

Pitching moment: ye-axis = lateral axis along the wing

(positive toward the left, seen in wind
direction).

Yawing moment: ze-axts = normal axis in.’wind.direction
..

(positivd downwakd), “

All moments are positive when they are in a direction
to produce clockwise rotation when looking along the
positive direction of the axes. ,,

The coefficients of the forces and moments are:

A lift; ki.logra& .

w drag, kilograms

Q cross-wind force, k~logranti .
,.
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II rolling moment ““,,,.,.-., .,,- ..
r- ..:..

>.

M pitching moment

N yawing moment
. . .

A “’”
.... . ...

c =— lift coefficienta qx. F’

c w=— drag coefficie~t
w qxF,

.,

“Q
Csl= cross-wind f’oice

qxF

c = L roliing-moment
L

qxFx!j

Coefficient

Coefficient

= iv
cM pitching-moment coefficient

qXFxt m

N
CN = ~“ yawing-moment coefficient p

qxFxb
,. 2
. ...

Angles :

a = &igle of’ atta~~ , angle between longitudinal axis
-along the wing and the xc-axis,,.

P= angle of yaw angle between the longitudinal ax~.s
in w~nd”d.irection and the xc-axis ..

‘-The signs are for a right-hand positive systenl, ‘
c,lockwi,serotation is pos<t.ive.

Reference

F’ wing

quantities: ‘,

area, metexs2
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,.

mean chord (reference chord), meters
.. ’”,r

dynamic pressure, (kg/m2 ) .

A aspect ratio .,.

Dimensions of models:

Wing EE

A=2’

F= 0.75 nlz

b= 1.225 m

= 0.6125 mm

l?= 0.75 m2

b =lm

7
‘In= 0.75 m

,..

Wing CE

A..=+1

F = 0.75 m2

b ‘= 0.866 m.

7
“m= 0.366 i

..) .. .,

:.

.,..

. . ..-.
RESULTS

A list of the charts and tables is reproduced in
table A.

-...

(a) Three-component measurements .- The’’results are
represented in graphs 1, ‘(,and 13 as Ca = f(a),
Ca = f(cw), ~d ca = f(cl~). ‘Theeffectiveness of ~ ~,Ca
(slope of lift curve) decreases with decreasing A as
expected,.. The:i.ncreas3ngsweepback from wing EE to ~
C?E also acts M tb.edecreasing sense.
..: . ... .

At &mall angles! of attack, the neutralpoi.nt lies: “
forward of the moment reference’ point; the wing is
unstable.., This ,forward.posi.,tionchanges to,a rearv~ard
position at higher Ca “value,s. With increasing aspect...
ratio and increasing sweepback, the neutral point in ‘~he’
entire Ca range is moved back. ‘Thetqft measurements,,:
on the triangular wings indicated that the cause of “ft’o
is attributable to a strong transverse flow in.the,rear.,:
part of the wing, which produces stabilizing l“ifti”ng
forces . With decreasing aspect ratio and increasing
taper, the c. reaches a maximum value at A’=

=max 4/3, ;
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E. -.. where. .Ca ... . “’..shifts -toward higher angles -of.attack.
max

Conspicuous is the sharp separation of flow on the
wing A = 2, and the very flat curve in the range of -

C%ax
on the other two wtngs. !Ihisis mainly due to

the sweepback, through which the additional velocity
over the wing is substantially diminished.

(b) Six-component measurements.. ‘I!hecoefficients
of the six-component measurements are presented with
respect to the angle of yaw (3 and the angle of
attack a as parameter. !lheeffect of the yawed flow
on lift, drag, and pitching moment is small on all
three wings. The cross-wind force is the sa~,eas on
wings with large aspect ratio. At small a a positive
rise in cross-wind force with increasing p is
observed, principally due to the form drag of the
leading-wing leading edge. It is greatest at the wings
with least sweepback (wing E3). At greater angles of
attack the negative cross-wind force of the wing
predominantes. The cross-wind force curve of DE, A = 4/3,
deviates from this variation at a = 35°470 (Camax)c

The rolling moment increases with sweepback as a
result of the transverse flow in the rear part of the
wing.

The yawing-moment variation with the angle of yaw is
negative for all three wings. With increasing angle of
attack, the directional stability increases. This is
also dependent upon the form drag of the leading edge of
the wing.

ADDITIONAL REPORTS OF THE SERIES

.-. . . .
UlvllVU*

Trapezoidal wing @ = 4/3) ‘m
Trapezoidal wing with fuselage 1023/2
Elliptical wing with fuselage l.~.~~~
Triangular wing (L= 3 - 1)
Triangular wing with fuselage ?1023’6
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vo6p~l, “j)FS,of.the ‘firm,ok,~q,n.sc.~e’l;schtinefeld,,.is
preparing a:summary. of ,pllresults’.of this’seri6i of
m~asurew.~nts taking the theory ‘tif
ratio-into “consideration. ~~

...’.

~anslat~d by J. V~3ST., , ..
~~ationa’1Advi.sory ‘Cormnittea
for Aeronautics ~~

. . .. .

.“

,,.,

,.,-

wlngs of”sr:allcspect

..

.,
,.

!., .

... .. .. . .. .

... .

.-.



SURVEY OF THE TH.REE- ;zl\Tl)SIX-CCM?ONENT MEAsURE~}JTS

Symbo1
I

l-n+$%-- —.— I

(
~amLab++_Three -con~ponent . 0

,measurement I

7

me~SU.l?6menij o

:2=!$ Do ---- 9“43
I ro---- ly.y~I

L
Do---- ‘25.89
Do---- ~~),~~

~Variable

---do---
..-”$.o---
---do---
---d~---

0

‘Jarin”[:le

---do---
---do ---
---do---
-.--do---

0

~ap~~.~1~

---do---
---do---
---do---
---do--- ,

I
Comparative c’mves of the three wings

Ca = f (a); Ca=f’(cw) Varitil:le o 19
Ca = f’(CM) Vsrisble o 20
CL and C = f (P) aca = O.~ /VariableQ 21

! I

‘3

$

5

6

6
7

i

9

10

H
11
12

cLald c
q
= f (p) I aca=0.91Variabl.el 22, ,
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IYACA TM NO. 1146 Fig.2
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NACA TM No. 1146 Figs.3,4

Figure3.
Wing EE,A = 2

Figure4.
Wing DE,~ =4/3



NACA TM No. 1146 Fig.5

Figure5.
Wing CE,A= I

in 2.15x 3m windtunnel
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Figure 6. Coordinate system of the 6-component measurement.



Table 1 NACA TM No. 1146

THREE-COMPO~NT MEASUREMENTS OF A SERIES OF TAPERED WINGS
(Elliptic Wing )

TABLE NO. 1 TO CHART 1
EE, A=2

a“

-5.70

0

5.69

11.39

17.08

19.91

22.75

23.70

24.H

24.64

25.10

25.82

26.94

0

Ca

-o.2@2

o

.2480

J+9W

.746o

.8790

1.0110

1.0520

1.0780

1.● 0990

1.12-1.155

0.947-0..96(

0,827-0,88

.0027

Cw

3.0175

.0061

.0180

.0502

.1067

,1515

.2097

.2323

.2&9

.2560

.5285

.~82

●&73

.0060

CM

-o.ol~6

● 0009

.0188

.0321

. 03&3

.0309

.0227

.0225

.0203

.0193

.0201

-.0049

-.0191

.0013
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Chart1. 3 - componentmeasurementsof a seriesof tapered

Table1. wings (ellipticwing)



Table 2 NACA TM No. 1146

SIX-COMPONENT MEASUREMENTS OF’A SERIES OF TAPERED WINGS

(Elliptic Wing )

TABLE NO, 2 TO CHARTS 2,3

EE, A=2

a = o

13°

T
-2
0
2

k
10
15
20

Ca

).0030
.0030
.0030
.0030
.0030
.0030
.0030
.0030
.;230

0.2960
.2960
.2960
.2960
.2960
.2 Cl
~t.2 0

.2740

.2620
1 I

Cq I Cw I CL

-0.0020
-.0013
0

sool~
● 0027
.0033

t
.00 7
.00 00,
.0080

0.0063
.0063
.0063
.0063
.0063
.0063
.00 2

i.00 1
,0093

0
-.0001
0

.0001
0

.0001
,0009
.0010
.ool~

EE, A=2

G = 6.84°

CM CN

0.0014 0 ●0020
.0014 ● 0007
.ool~ o
.0014 -.0010
.0014 -.0021
.0014 -.0026
.Ooll+ -.0036
.0014 -.0055
.0015 -.0062

%ICWICLICM ICN
-000020

-.0013
-.0007

.0007

.0013

.001;
● 0017
.0023
.0030

0.0221
.0223
.0221
● 0221
.0221
.0221
.0222
.0226
.0227

-0.0128
-.0060
0

.0069

.0129

.0197

.0 0
●o+$
.05 y

0.0220
.0221
● 0230
.0224
.0221
.0223
.0226
.0216
.0199

0.0041
.oo211
.Oooj

-.0021
-.00 5

$-.00 6
..0076
-.0111
-.0140



NACA TM No. 1146 Chart 2

I I I I I I 1111
I I I I I I I I I

A C~

q CL

. 7 t7

- P“

— r)t

EF ,& t =,Z

a = 0° “
Chart 2. 6-component measurements of a series
Table 2.. of tapered wings (elliptical)
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NACA TM No. 1146 Chart 3
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Chart 3. 6-component measurements of a series



Table 3

SIX-COMPONENT

a

-4
-2

0
2

2
10
15
20

2.601
.602
; 60$

.600

NACA TM No. 1146

MEASUREMENTS OF A SERIES OF TAPERED WINGS

(En iptiC wing.)

TAE.LENO- 3 TO CHARTS !L,5

EE, A=2

Cq
O::JW;

.0003
-.0013
-.0027

!3-.00 7
-.00 7
-.01
-.01 81

a =

Cw

0.0731
.0732
.0730
.0731
.0730
.0726
.0712
.0692
.0674

CL

-0.021
-.009 3

.0015

.Q136
● 02
.03 23
AI$;4

● 100 J?

CM

0.0340
mc)~

i
● 0347
.0341
,0344
.033,4
.0320
.0300

-b---
0.0081

● 0040
-.0002

k
-.00 9
- ●OO 1
-.0110

P-.01 1
-.02
-.0307

EE, A=2

a = 20.51°

PO

T
-2
0

10
15
20

1.90
.90 t
● 905
.905
● 901

:EBg
.850
● 794

Cq
0.0107

.0067

.0020
-,0040
-.0113
-.0180

8
-.03 6
-.02 6
-.0366

c
w I CL

o:d.~~

.~64

.164t.1645

.1639

.162”

.168 ~

.1623

-o
-

.0265

.012
,001
.013 !?
,0274

kg
.0 0
“o 7
.085
.1056

CM I CN

“M] ‘:IM
-.0022

.0289 -.0070
● 02

u
: m:

.02

.02 7
i k

-.02 0
.02 0

t
-’0 7

.0279 -.0 04



NACA TM No. 1146 Chart 4
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Chart 4. 6-component measurements of a series

ITable 3. I I of tapered wings (elliptical’) I I



NACA TM No. 1146 Chart 5

@ cu. n
w,

7
I

QIc9s CM
A ~~
+ c~
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-70

/

6-component measurements of a series a =2 Q5 7 0
of tapered wings (elliptical) # Chart 5.

Table 3.

,,.,,,,,.. . . .



Table 4 NACA TM No. 1146

SIX-COMPONENT MEASUREMENTSOF A SERZES OF TAPERED WINGS

(Elliptic Wing)

TABLE l?Os 4 TO CHART 6

1.P*

-4

-2

0

2

4

6

6

10

15

/
22

Ca

1.050

1.051

1.052

1.054

1,051

1.045

.965

.898

.831

.808

Cq
0.0120

● 0073

0

-.0060

-.0127

-.0160

.0746

.0546

.0300

-.0100

EE, A=2

a = 23.79°

C*
I CL

0.2322

.2317

.2320

.2331

,2351

.2384

.3012

.2998

.2856

.2607

10.0302

-.0167

-.0008

.ol~

.02?9

.0390

-,0492

-.0455

-.0165

.0283

Cr$

0.0208

.0207

.0209

.0206

.0211

.0217

. 0U9

.0046

.0046

.0168

(q/

0.0176

.0083

-.0008

-.0092

-.0178

-,0279

-.0239

-.0213

-.0314

-.0488

.



NACA TM No. 1146 Chart 6
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Chart 6. 6.-component measurements of a series
Table 4. of tapered wings (elliptical)
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Table 5

THREE-COMPONENT

NACA TM No. 1146

MEASURE~~ OF A SERIES OF TAPEREDWING

q

~o

-5.66

0

5*77 ‘
11.52

17.27

22● 99

28.99

31.58

34*48

35*39

36.37

37937

35.43
36.35

37.33
38.4.2

(Elliptic Wfing)

TAHLE NO. 5 TO CHART 7

DE, A = $

Ca

0.1880

0

.1800

● 3750

.5740

●7940

1.0050

1.1020

1.2030

1.2750

1.2890

1.2950

1. 2~50

1.3080

1.3220

1.2540

Cw

o.oll+4

.0053

.014.4

.0448

.0982

.1.894

.3136

.4019

.5068

.6592

.6986

.7383

.5662

.6979

.7367
-

CM.—

.0.0131

-.0001

.0135

.0181

.0115

-.0005

-.0349

-.0566

-.0695

..0662

-.0632

-.0677

-.0725

..0671

-.0693



Chart7. 3 - componentmeasurementsof a seriesof

Table5. taperedwings(elliptic”wing]



Table 6 NACA TM No. 1146

SIX-COMPONENT MEASUREMENTS OF A SERIES OF TAPERED WING

(Elliptic Wing )

TABLE NO. 6 TO CHARTS 8, 9

P“ c~ I Cq
-1+ -0.0013 -0.0027
-2 -.0013 -.0020

0 -.ool~ -.0003
2 -.0013 .0007

k
-.ool~ .0020
-.0013. .0027
-.0013 ● 0040

g -.0020 .0053
20 -.0020 .0066

Cw Crl CM

0.0062
.0061
.0060
.0060
.0060
.0065
.0069
● 0095
.0107

-0.0010
-.0009
-.000
-.000 x
-.0004
-.0004

.0002

.0004

.0005

0.0006
.0006
.0006
.0006
.0006
.0006
.0006
.0008
.0013

DE, A = k
7

a = 9,0430

-4
-2

0
2

!$
10
lJ
20

Ca Cq Cw CL
I I
0.3040
.3025
.3040
: ;:g

.3000

.2960

.2840

.2750

-0.0020
-.0020
-.0020
-.0013
-.0007
-.0013
-.0013
-.0020
-.0040

0.0316

1

0.0194
.0317 -.0100
.0317 .0002
.0517 .0103
.031

I
.0196

.031 .0298

.0317 .048

.0315 .0 0
t

8
.0320 .O 85

CM

0.
●

●

✎

✎

✎

✎

●

✎

0147
0153
0150
01-2
z01 8

01 6
i

:+3
010i

CN

0.0024
.0019
.0001

-.0010
-.0018
-.0019
-.0025
-.0023
-.0026.—

CN

0.0067
.004
.001 t

-.0017
-.003
-.005 1
-.0092
-.0138
-.0158
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chart 8. 6-component measurements of a series
l’able 6. of tapered wings [elliptical)
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NACA TM No. 1146 Chart 9
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Chart 9. 6. component measurements of a series
Table 6. of tapered wings (elliptical)



Table 7

SIX-COMPONENT

P“

“7
-2

0
2

k
10
15
20

c~

).6050
.6050
.60 0

z.60 0
.6040
.6000
.5890
.5720
.5480

Ca

1.9020
.9040
.9040
.9040
.90 0

$A; :

bJ@

\

NACA TM No. 1146

IUEASUREMENI13OF A SERIES OF TAPEREDWING
(EllipticWing)

TABLE NO. 7 TO CHARTS 10, 11

DE, A= 4
3

a = 17.95Q —

%

0.0050
.0020

-.0020
-.0053
-.0093
-.0133
-.0207
-.0313
-.0393

Cw

0.
●

●

●

●

4

●

●

●

1076
m76
1051
1012
0985

CL

~o.027
-.013 z

.0022

.0180

.0 8’
p.0 8

.0 16
●1201
.1536

CM

.0085

.0086

.0090

.00
● 00 ZZ
.0083
$:():

.0025

CN

0.012
.007t
.0015

-.00 9
ii-.00 1

-.0123
-.0211

i
..o 26
-00 50

Cq
0.0213

.0107
0
-.0113
-.0227
-.0327
-.0533
-,0660
-.0707

a =

Cw

1.2s05
.2517
.2520
.2510

it
●2 o
●2 7
.2412

4’?
.24 9
.2 0

/

j. 890

CL

“::;~~;

o
.0209
.0391
.0580
.0932
.1334
● 1510

CM

-0.02 9
$-.02 1

..0241
-.02 6
-.02L
-.0228
-.0197
-.0203
-.0205

‘N

0.0184
.0124

0
-.0086
-.0149
-.0235
-.03 2

1-.06 5
-.0889



NACA TM No. 1146 Chart 10

13“
,.

I
I } #I , k

Cfi v

$,Y
&

Q @ n <
q f

~ Cq
x CM
Ac::( }~

Chart 10. 6-component measurements of a series
Table ?. of tapered wings (elliptical)



NACA TM No. 1146 Chart 11

Chart 11.

Table 7.

6 - component measurements of a series of tapered
wings (elliptic wing)



Table 8 NACA TM No. 1146

SIX-COMPONENT MEASUREMENTS OF A SERIES OF TAPERED WING

(Elliptic Wing)

TABLE NO. 8 TO CHART 12

DE, A =
$

PO Ca

“4- 1.2680

-2 1.2780

0 1.2740

2 1.2790

4 1.2710

6 1.2540

8 1.2310

10 1● 2110

12 1.1880

15 1.1330

20 .9840

Cq
-0.0167

..0087

0

.0067

.0120

.0253

.0133

-.0013

-.0100

- ● 024’[

-.0307

~

Cw

0.6387

.6355

.6327

.6382

.6369

.6234

.6198

.6194

.6127

.5982

●5537

-0.0074

-.0036

.0019

.0096

.0159

.0189

.0299

.037%

.0465

.0519

.o&53

CM

-0.0662

-.0659

-.0667

-.0669

-.0667

-.0692

-.0670

-.0663

..0664

-.0688

-.0824

CN

0.0300

.0183

.0028

-.0133

-.0284

-.0467

-.0593

-.0655

-.0719

-.0718

-.0561
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Table 9
NACA TM No. 1146

THREE-COMPONENT MEASUREMENTS OF A ~SERIES OF TAPERED WING

(Elliptic Wing )

TM3LE NO. 9 TO CHART 13

CE, A=l

~o ‘a Cw

.5.80 -0.1600 0.0159

●01 -.0080 .0060

5.83 .1386 .0137

11.63 .2959 ● 0393

17.4..1 .46gl .0886

23.16 .6612 .1748

28.92 ● 8600 ● 3059

31.81 .9465 .3826

31b72 1.0160 .4705

35.69 1.04.J+O .5’017

36.65 1.0710 .5348

37.62 1.0930 .5677

38.60 1.1110 ●5991

39.40 1.1270 .6326

40.56 1.1440 .6747

CM

-0.0077

-.0006

.0104

.0111

0

-.0284

-.0664

-.0847

-.0992

-.1081

-.1139

-.1190

-.1252

-.1314

-*1371



Chart 13. 3- component measurements of a series of tapered

Table 9
wings (elliptic wing)



Table 10 NACA TM No. 1146

SIX-COMPONENT MEASUREMENTS OF A SERIES OF TAPERED WING

(Elliptic Wing )

TABLE NO. 10 TO CHARTS 14, 15

CE, A=l

a = Oello

~“lc~1“%
-4
-2
0
2

k
10
15

20

.0013

.0013

.ool~

.0013

.0013

.0013

.0013
, ool~
.0013

-0.0033
-.0013
0

.0013
.0027
.0027

t
.00 0
.00 7
● 0080

Cw

o; C)X#

.0060

.0065

.0065

.0069

.0083

.009

.010?I

CL

-0.0001

8
0
.0001
.0002
.0002
.0015
.0016

CE, A=l

a= 11.730

p“ c~ c c 1 CL

-4 0.2974 0.0013 0.0393 -0.0226
.: 0.2974 .0007 .0391 ..0129

.2974 0 .o~ 1 0
2 ;:;# -.000’/’ ~.05 8 .012

‘i
-.0020 .0591 i?.024

.293
8

-.0033 .0388 .0578
10 .290 -.0053 .0391 .0605
15 .2855 -.0113 .03 5

I ?
.0878

20 .2800 -.0153 .03 3 ● llo~‘

CM

-o ● 00
%-.004

-.0046
-.00.46
- ●0046
-.0045
-.0045
-.0045
-.0045

CN

O::m$

-.0002
-.0006
-.0009
.0001
.0011
.0015
.0029

-=-b-
0.0111

1

.0038
.0119 .001
.0116 ●000 k
.0213 -.0030
.0117 .00 7
.0122 $.00 7
.0109 -.0072
.0086 -.0061
.oo~ ..0070
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Chart 14. 6-component measurements of a series
Table 10. of tapered wings (elliptical)



NACA TM No. 1146 Chart 15
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Chart 15. I 6-co~P~nent measurerner
Table 10.

1

Its of a series
of-tapered wings (elliptical)



Table 11 NACA TM No. 1146

SIX-COMPONENT MEASUREMENTS OF A SERIES OF TAPERED WII?G

(Elliptic Wing )

TA13LENO. 11 TO CHA.KTS 16, 17

CE, A=l

a = 21.36°

P“ c~ Cq Cw CL CM ‘N

-4 0.5960 0.0113 0.1429 -0.032 -0.0185 0.0082
-2 .5980 .0047 .1436 -.012$ -.0181 .0040
0 .6000 -.0013 ,1435 .0025

i?
-.01 0 .000

2 .59 0
~

-.0060 .1433 .01 3

i!
?

-*OI 2 -000
.590 -.0120 ● 1423 .03 0 -.0188 -.00i!
.5 60
8

-.020 .1@6 .05
!$

-.0190 -.0118
10 .5 0 -.03

ii
.1367 .0 2 -,0169

i !iZ

-.01 3
lf) .5 0 -.05 .1312 ,1 6 ~-.01 9 -.0236
20 .5 0 ..0781 .1273 .1 5 -.0220 -.0334

CE, L=l

a = 30.30

PO ‘a c~ Cw CL CM ‘N

-4 0.8920 0.0280 0.38 -o.ol/k5-0.0718 0.0229
-2 ● 0940 ● 0120 .3?-J -.0226 -.07 2

h
.0137

.8990 -.0053 .3&22 .001
: I

-.07 .0019
.8990 -.0213

‘i
.%930

.3~2 .025 -.0?/$! -.0076
-.0380

● 3374 .0510
.8860

-.0 17 -.015
-.0 13

Z
.3309 ;:::9 z-.0 91 -.025

● 8750
‘?

10 -.0 60 .3221
.8330 8

-.0675 -.0372
15 -.1159 .2987 .175 -.0612 -.0626
20 .8000 -.1431 .2799 .2259 -.0610 -.0835

1

-i
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Chart 16. 6- component measurements of a series of tapered
wings (elliptic wing~

Table 11.



NACA TM No. 1146 Chax

Chart 17. 6 - component measurements of a series of tap

Table 11.
wings (elliptic wing)
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Table 12 NACA TM Iffo. 1146

SIX-COMPONENT MEASUREMENTS OF A SERIES OF TAPERED WING

(Elliptic Wing)

TABLE NO- 12 TO CHART 18

CE, A=l

a = 38.630

-4
-2

0

2

4
6

10

15

20

‘a

1.1110

1.1110

l.ll~o

1.1130

1 ● 1090

l.lo~o

1.0790

1.0370

.9830

‘q

0.0394

.0167

- .ool@

-.0254

-.0487

-.0720

-.1167

-.1620

-.2066

Cw

0.6028

.6053

.6042

.6037

.5989

.5921

.5724

● 5454
.5087

CL

-0.0387

-.0198

.ool~

.0232

.0435

.0650

● 1027

.1522

.1927

CM I ‘N

-0.1260

-.1265

-.1266

-.1267

-.126~

-.1247

-.1181

-.1104

-.1028

0.0357

.0203

● 0014

-.0135

- ● 0285

-.0412

-.0634

-.0976

-.1191
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NACA TM No. 1146 Chart 18
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t 18. 6- component measurements of a series of tap
wings (elliptic wing)
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Chart19. cas f ‘~) ‘andca= f Ch,) - curvesof the seriesof
ellipticwings.
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NACA TM No. 1146 Chart 20
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Chart 20. Ca= f (cq)- curves of the elliptical wings.



Chart 21
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Chart 21. cL-and Cq curves of the series of elliptical wings.
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NACA TM No. 1146 Chart 22

Chart 22. CL-and Cq- curves of the series of elliptic wings.
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